INTRODUCTION
The availability of slow atoms from laser cooling sources [1 -5] has stimulated us to consider new methods to contain, manipulate, and study these extreme1y lowenergy neutrals. We are concerned with [6] , Combescure [7] , and Brown [g] , aimed mainly at understanding ion motion in a Paul trap [9] , which is governed by the Mathieu equation.
The static 1/r potential is known mostly to physicists for the role it plays in accounting for the effects of conserved angular momentum in the radial equation of motion for a particle moving in a central field. This effective potential is always repulsive and leads to reduced binding for increasing angular momentum when combined with an attractive force that supports bound states. The attractive 1/r potential has been discussed classically [10] and quantum mechanically [11 -13] and has been of interest mostly for the peculiarities of the motions it engenders rather than for its importance in practical problems. In the following we point out that it is exact1y these peculiarities that must and can be overcome to enable the realization of new stable states of matter based on the interaction of polarizable atoms with a charged wire. First we review the basic features of the motion.
The attractive 1/r potential stands on the border between highly singular and regular potentials for which the centrifugal barrier can keep a particle from passing through the origin. Only motions with angular momentum below a critical value can be bound and all of these do in fact pass through the origin.
Consider now a neutral atom and a line of uniform charge density as might be contained on an extremely thin wire. The atom is polarized by the electric field from the wire and is consequently attracted to the wire by the electric-field gradient. This results in a 1/r interaction potential when the induced dipole moment is linearly dependent on electric-field strength.
The fate of an atom bound in this way is an unavoidable collision with the wire, which most likely results in absorption of the atom to the surface of the wire or in inelastic reflection. Either of these would r~2Mr~ ( 6) A plot of a characteristic trajectory spiraling into the origin is indicated in Fig. 1 . Clearly, maintaining atoms in this system is impossible.
Now imagine adding a time-varying term to the Hamiltonian in Eq. (2) so that it takes the form W'( Y) Px =Pz -sincot .
CO (10) The displacements in position and momentum on the right-hand sides represent the motion of a free particle exposed to the time-varying potential alone.
The transformations in Eqs. (9) and (10) are not strictly canonical [16] ,and therefore the motions of Y and Pr are not governed by a Hamiltonian function. Equations (9) and (10) Fig. 4 , L;" is given as the left-hand side of (20a) with 5= -1. In addition to the fact that the above quantum description corresponds to the apparently successful classical description, note that for quadratic power potentials it yields the exact solution to the problem of the Paul trap for ions in the high-frequency limit. There our results reduce to those of Combescure [7] and Brown [8] Fig. 4 is thus explained.
The theoretical discussion in the preceding sections clearly shows that enormous enhancements can be achieved in the time during which a low-energy neutral atom may occupy stable, bound orbits around a wire.
Realization of such a system will most likely rely on the combined technology of laser cooling atoms to the microand nano-electron-volt regions and the fabrication of structures like small wires of accurate dimensions on micro-and submicrometer length scales. The plots we presented above were all for what we believe to be realistic experimental conditions, none of which is beyond current capabilities. We expect the observation of these states to occur shortly, followed by more-detailed spectroscopy and experimental probes of the atomic motions.
Since our atoms are uncharged, the coupling to external electromagnetic waves at frequencies comparable to the slow atomic motions is quite small. Indeed, the radiative lifetime of the bound states need hardly be considered. The system should surely be probed spectroscopically through signals applied directly to the wire.
Although 
